Objectives were to estimate the age distribution of proteinuria, relate this finding to other data from the general medical examination, compare the results of successive tests for protein, and look for a possible influence from prior exposure to ionizing radiation.
MATERIAL AND METHODS
General medical examination of adult survivors at ABCC was initiated in Hiroshima in 1950, with a sample of over 4,000 persons, about half of whom were not in the city at the time of the bombing (ATB). In 1953 the sample of survivors was enlarged, an intermediate distance group was added, and clinic procedures were modified. Major modifications made in 1958 formed the continuing program which is in effect today: a fixed sample was selected for both Hiroshima and Nagasaki and a two-year examination cycle was established with random sub-groups assigned to each month. The sample introduced in 1958 and attrition since then have been described previously. ' Since 1950 in Hiroshima and 1958 in Nagasaki, the examinations for these programs have routinely included tests for protein in the urine. Casual urine specimens were examined until October 1960 in Nagasaki and November 1961 in Hiroshima, when collection of clean voided specimens from women began. Until June 1960, sulfosalicylic acid was used to test for protein in the urine, and positive reactions were confirmed with the nitric acid ring test. In July 1960, Combistix® were substituted for sulfosalicylic acid, but positive reactions were still confirmed with nitric acid. Some specimens found to be positive with either Combistix® or sulfosalicylic acid would be negative when tested with nitric acid. At no time were trace tests confirmed in either city.
Results of these tests, as well as other data, were transferred to punched cards for easy accessibility. The classification of reactions as negative, trace, or positive for protein has remained unchanged, but in Hiroshima the results of the nitric acid ring test were so classified, whereas in Nagasaki the results of the screening tests, either sulfosalicylic acid or Combistix,® were used.
The general plan was to extract from punched cards all available urine protein test results and to examine annual positive and trace percentages for secular trends.
Selected portions of the total series were analyzed in relation to other observations made during the same clinic visit. Thus, percentage distributions by age and sex were examined for the 1960-1962 series of adult examinations, and family histories of renal disease were available only from the 1958-1960 series of examinations. The urine-protein test results reported here were all made during routine examination, and if urine specimens were tested more than once during the same calendar year, the result of only the first test was used.
From 25 February 1963 through 24 February 1964, 2,002 men and 3,159 women were seen in the Hiroshima ABCC clinic for their biennial examination. Those found to have proteinuria were subjected to special study, and comparison subjects without proteinuria and of the same sex and age ± five years were selected from those attending clinic on the same day as the patient with proteinuria or as soon thereafter as possible. Three patients with proteinuria refused to participate in this study and are excluded from further consideration.
All index and control subjects were examined and interviewed by one of us (M. S. or J. P. P.). Responses to a self-administered health questionnaire, modeled after the RESULTS FROM PREVIOUS EXAMINATIONS (1950) (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) Annual rates of positive and trace proteinuria tests in all adults examined under major medical programs at ABCC in Hiroshima or Nagasaki are shown in Table 1 Routine testing for urine protein began in Nagasaki in 1958, and the rates of both positive and trace findings have since declined. The decline is partly attributable to the change in laboratory method in 1960, but it continued in later years. This contrasts with rates in Hiroshima which, during these same years, either were constant or possibly rose slightly.
Age standardization over the years 1958 to 1962 and in both cities produced only minor changes in annual city rates. In Hiroshima standard rates were more nearly constant than crude rates, but a small increase in the rate of positive tests, from 5.5 per cent in 1958 to 6.3 per cent in 1962, remained. Nagasaki standard rates of positive tests showed a greater drop from 1959 to 1960 than did crude rates, emphasizing the change in laboratory procedure, but a modest decline after 1960 was still evident.
Restricting attention to the data from 1961 and 1962, when the results from the two cities should have been comparable, it appears that rates of trace tests were about equal, but rates of positive tests were lower in Nagasaki. These differences are seen in greater detail in Table 2 where the positive tests are given by age decades and sex for the 1960-1962 examination cycle, and the same general relation holds throughout. There is no consistent pattern in the differences between men and women.
Hypertension is a recognized cause of proteinuria, but mean systolic pressure is slightly higher in Nagasaki than in Hiroshima.8 Thus, it is unlikely that an excess of hypertensives in Hiroshima would account for the higher rate of proteinuria found there. Nevertheless, proteinuria rates were recalculated for the 1960-1962 examination excluding persons with blood pressure greater than 150 mm Hg systolic, or 100 mm Hg diastolic. In these recomputed rates, city differences persist ( Table 3 ). As might be anticipated, excluding persons with definite hypertension influences rates very little until age 50, after which rates are decreased by 25 per cent to 50 per cent in Hiroshima. The same decrease is seen in Nagasaki men but, curiously, not in women.
Diabetes and urinary tract infections are also known to produce proteinuria. Exclusion of patients with these diagnoses influenced rates very little and did not alter the difference between the cities.
The distance of subjects from the bomb hypocenters ATB showed no consistent relation to rates of proteinuria in 1960-1962 either when the entire sample was analyzed or when hypertensives and others with renal disease were excluded.
Persistence of proteinuria
The relation of test results in the first Hiroshima cycle of examinations (1963) (1964) During the 12-month course of this special study of proteinuria in Hiroshima, the nitric acid ring test for urine protein was positive in 232 (4.5 per cent) of the men and women who visited the clinic for their regularly scheduled follow-up examinations. This is approximately two thirds the rate observed in 1962 and earlier years in comparable groups (Table 1) . There is no known explanation for the lower rate. It may be due to more careful scrutiny of test results by the technician during the course of this study. Whatever the explanation, it is not likely to represent a true decrease in the prevalence of proteinuria. Age and radiation
Rates of positive tests for protein are given for 10-year age groups and for distance groups in Table 5 . Persons shown as 18 years old were in utero ATB, and exposure distance is that of their mothers.10 Patterns of age-specific trends correspond generally with those of the 1960-1962 period (Table 2) , and, excepting the youngest groups, showed no differences by distance consistent with a radiation effect. In the subjects exposed in utero, there is a sizable increase in rates for those whose mothers were within 1,400 meters of the hypocenter (p < .01 with the sexes pooled). This is in accord with the analyses of urine findings in these same children at earlier ages' and suggests that the dosages of radiation to which these children were exposed in utero were sufficient to result in some kidney change. 40, October, 1967 for the high rates of proteinuria. Accordingly, one of us (L. R. F.) reviewed the records of those with proteinuria; one child was considered to have microcephaly without mental retardation, and another was mentally retarded without microcephaly. Both were boys with good histories for previous glomerulonephritis, and their mothers were 900 and 1,400 meters from the hypocenter ATB. Thus, an association of microcephaly and mental retardation with proteinuria may exist for some, but not all, of the children with proteinuria exposed in utero.
To approximate the frequency of positive tests for protein over very nearly the entire normal age range, data collected annually at ages 9 through 16 years of the children who were in utero ATB, excluding those whose mothers were exposed within 1,500 meters,' have been joined with data from the same children at age 18, excluding those whose mothers were exposed within 1,400 meters, and the data from the entire adult group, regardless of location ATB. The results are shown in Figure 1 for the two sexes separately. There is a peak percentage of proteinuria during adolescence, followed by a fall and a rise, but the rate does not again reach the adolescent level until age 60. The rise in adolescence starts somewhat earlier and ends sooner in females than in males. The small excess of proteinuria in women between ages 20 and 39 is not statistically significant, and was not apparent in previous examinations. In viewing Figure 1 it is important to remember that the data from ages 9 through 16 are derived from consecutive examination of a fixed group of children who were in utero ATB, and the role of secular trends, as seen in Table 1 , cannot be separated from the normal growth pattern. The remainder of the data consist of single observations on the adults at the same time as the 18-year examination of the children.
Symptoms and history
The 232 persons found to have proteinuria and an equal number of agematched controls answered over 100 simple questions about their health on a self-administered form that was used with all study subjects examined at ABCC. On only two questions, concerning nocturia and past histories of kidney trouble, were the percentages of replies significantly different; in both instances subjects with proteinuria had higher rates of affirmative replies.
A comparison of men and women under 60 years with those 60 years and older, showed that nocturia was complained of more often by persons with proteinuria in both age groups and both sexes. However, in women over 60 years the difference was greater: 45 per cent in the proteinuria The study sample was comprised of subjects 18 years of age and older. The 18 year olds had been examined previously and those data form the basis for the observations at age 9-16. The subjects from 9-18 years represent a group of children who were in utero at the time of the bombing. Those whose mothers were within 1,500 meters of the hypocenter were excluded to eliminate any possible effect of ionizing radiation.
group, compared with 16 per cent in the control group (p < .01). Mechanical urinary difficulties were more common in men 60 years and older with proteinuria, who complained significantly more often (p < .05) of a decrease in size of the urinary stream (32.6 per cent) than did control men of the same age (11.6 per cent).
Selected diagnoses made at previous examinations at ABCC are listed in Table 6 . Hypertensive heart disease, renal diseases, and, with sexes pooled, diabetes were significantly more common in persons with proteinuria. Thyroid diagnoses were tabulated because thyroid disease is fairly common in these women, and the hypercalciuria and nephrocalcinosis sometimes associated with hyperthyroidism might provide an explanation for some cases of proteinuria. It was of interest, therefore, that diagnoses of thyroid disease had been made considerably more often in women with proteinuria than in women without proteinuria. Considering this group of diseases as a whole, about twice as many persons with proteinuria as without had received diagnoses.
To supplement recorded diagnoses, study subjects were asked by questionnaire about selected aspects of their medical histories. were included. Subjects were asked about their use of vitamins because preparations containing Vitamin D are used liberally by the Japanese. No significant differences between the groups were seen. "Stomach trouble" is common in Japan and a milk-alkali diet is known to predispose to nephrocalcinosis, a possible cause of proteinuria. Curiously, treatment for peptic ulcer was significantly (p < .05) more common in control men (20.7%0) than in men with proteinuria (3.3%). As might be expected, histories of previous X-ray of the kidney were more frequent in persons with proteinuria than in controls. Reported percentages of complications of pregnancy, abortions, and gynecological operations were not significantly different in the two groups of women.
ABCC medical records of index and control subjects were reviewed to estimate clinically the frequency of glomerulonephritis. Cases were included if that diagnosis had ever been made explicitly or if the patient had ever complained of hematuria or edema. Table 7 shows that in the group with proteinuria, 27 (11.6%o) met these criteria while only five (2.2%o) of the controls did so; a statistically significant difference (p < .01). Glomerulonephritis is usually thought to be more common in men, but these data do not support that observation. A history of glomerulonephritis was obtained from nine 18-year-olds with proteinuria. The mothers of four of these children were within 1,400 meters ATB. Four is significantly larger (p < .01) than the binomial expectation for a random selection of nine children from the total group of 823 in-utero children, of whom about 9 per cent had mothers who were within 1,400 meters ATB (Table 5) 
Physical and laboratory findings
Means and variances of systolic and diastolic pressures were computed separately for men and women, in three age groups, with and without proteinuria. Three measurements of blood pressure were summarized in this way: Current pressure taken with the patient prone and standing, and a prone pressure recorded four years earlier. Altogether, 36 comparisons of means and 36 of variances in persons with and without proteinuria were made. The mean pressure of persons with proteinuria exceeded that of controls in 35 of these comparisons, and the variance of pressures in persons with proteinuria was larger in 32 comparisons. If indeed there is no difference in the mean or variance of blood pressure in persons with and without proteinuria, these results would be quite improbable.
Distributions of prone pressures at the time of current study are shown in Table 8 . The great bulk of pressures in persons with proteinuria is within normal limits, overlapping the distributions of pressures in persons without proteinuria, and suggesting that small individual elevations in pressure are present throughout the entire range. Great similarity of these distributions with those of prone pressures recorded at routine examination in [1958] [1959] [1960] (Table 9) suggest that blood pressure elevations had been present for some time. The possibility that these pressure elevations preceded the proteinuria was supported by the distributions of [1958] [1959] [1960] blood pressures in the 103 persons now positive for proteinuria who had been negative in [1958] [1959] [1960] , and the smaller group of 53 who were negative for proteinuria in both 1958-1960 and 1960-1962 . Both distributions are similar to that of the entire group, with a slight clustering of high pressures.
At current examination, special note also was made of heart failure, edema, arthritis, eye ground changes, and unequal peripheral pulses. Only heart failure was significantly more frequent in persons with proteinuria (3.4%o) than in controls (0.4%').
The outcome of tests for protein in the urine during past examinations and the results of testing for red and white blood cells during the current examination are shown in Table 10 . The results for protein are consistent with the data presented in the retrospective analysis constituting the first portion of the present study; about 50 per cent of persons with proteinuria had proteinuria on the previous examination (1960) (1961) (1962) ) and a somewhat smaller percentage during [1958] [1959] [1960] . Red blood cells were found significantly more often in the urine of patients with proteinuria. The finding of white blood cells was similar to that of red blood cells, but the differences were not consistent within small age divisions. Glycosuria was found more often in patients with proteinuria than in controls, but differences are not -Q. 1-1 significant. Urinary protein was measured quantitatively in 119 patients in the current series. Twenty-four hour samples were analyzed in 100 instances, and overnight collections in the other 19. In 24 instances, less than 100 mg. of protein and in nine instances one gram or more of protein was excreted per 24 hours; the remainder excreted between 100 and 999 mg. Three of the nine subjects excreting one gram or more of protein gave a history of glomerulonephritis, none was diabetic, and only one had a diastolic blood pressure as high as 100 mm. Hg. Measurements of serum urea nitrogen (SUN) were made in almost all subjects and the mean SUN levels, shown in Figure 2 , rise with age. In the three age divisions, subjects with proteinuria had higher mean SUN levels than did controls. Concomitantly with the study of proteinuria, another project was in progress dealing with the epidemiology of urinary tract infection in women.' Published results demonstrated an increase in mean blood pressure levels of women with urinary infections similar to that seen here in proteinuria. SUN levels also were measured in these infected women; the mean levels are shown in Figure 2 , and are no different from control values.
Serum cholesterol levels, hemoglobin concentrations, height, weight, ABO blood groups, audiometry and vibrometry were not significantly different in subjects with and without proteinuria. Family history and socio-economic status By questionnaire, each person with proteinuria and each matched control was asked whether any other family member had diabetes, arthritis, kidney trouble, renal disease, kidney stone, kidney infection, heart disease, hypertension, or stroke. Information on size of home, type of water supply, and education was available in records for use as indices to socio-economic level. No differences between proteinuria and control patients were found. DISCUSSION These data indicate that the finding of minimal proteinuria during a sample survey is reason to suspect underlying cardiovascular-renal disease. Quantitative measurements of protein excretion were done in about half the persons with a positive nitric acid ring test. In only nine instances was one gram or more of protein excreted per 24 hours. About half the group with positive tests for protein in 1963-1964 had had positive tests when examined two years earlier. Nevertheless, the group with proteinuria had more complaints on questionnaire: higher blood pressures, currently and four years earlier; higher SUN levels; more previously ABCC-diagnosed cardiovascular-renal disease; and more frequent histories of illness compatible with glomerulonephritis.
Proteinuria rates were not related to exposure distance ATB in subjects irradiated after birth. Analyses were made of rates in the total sample, in nonhypertensive subjects, and in persons with no family history of renal disease, and of repeat test patterns. No relation to radiation exposure was detected.
There does seem to be a relation between proximity to the bomb hypocenter and rates of proteinuria in 18-year old subjects who were in utero ATB. A previous study, combining children of various ages, did not reveal differences between exposed and control subjects in the frequency of significant urinary abnormalities." However, an analysis of the urine findings at age 9 through 16 years of the subjects who were 18 years old in the present report did show suggestive differences according to radiation exposure.' In Hiroshima children whose mothers were within 1,500 meters of the bomb hypocenter, boys at ages 12, 15, and 16, and girls at ages 11, 13, 14, and 16 had higher proteinuria rates than did control children. Only the differences for girls at age 13 were statistically significant.
It is noteworthy that the mothers of four of the nine subjects in this age group with proteinuria and histories of glomerulonephritis were within 1,400 meters of the bomb hypocenters. The mothers of another three subjects were at 1,600 or 1,800 meters. These data suggest that radiation increases the frequency of proteinuria in these children during adolescence and that associated histories of glomerulonephritis are particularly common. Whether this results from an increase in the usual causes of glomerulonephritis (e.g., streptococcal infection) or whether in-utero radiation causes a syndrome resembling glomerulonephritis cannot be determined from the present data. Although the children exposed in utero did not receive doses of radiation sufficient to cause renal damage in the adult kidney,8""'6 it is possible that there was sufficient radiation to affect the fetus.'-"8 However, it must also be considered that living close to the zone of total destruction and greatest economic deprivation might have resulted in a high rate of streptococcal infection and an increased risk of glomerulonephritis.
The age-specific rates for proteinuria in this Japanese sample are similar to those found in rural and urban adult Jamaicans by Miall, Kass, Ling, and Stuart.' In the present study, however, it was possible to extend the age range by including serial data from a group of children examined at ages 9 through 16 years. At age 18 these children were examined as part of the same survey from which the adult data were obtained. Agespecific rates begin low, reach a peak in adolescence, then decline and rise again with increasing age but do not reach the frequency found at adolescence until age 60. Acute leukemias peak in childhood and again in older age groups, but most diseases have either high rates in early years and decrease with age or, much more commonly, start at a low frequency and increase with age. It is curious that the age distribution curve for acute leukemias, a group of diseases whose rates are well known to be increased by exposure to radiation, bears some resemblance to that for proteinuria.
A question that comes to mind is whether those children with proteinuria during adolescence are the ones who have it in later life. Corollary to this is the possibility that increased rates of proteinuria in children exposed to radiation in utero indicate an increased risk of generalized cardiovascularrenal disease later in life. These important issues can be clarified only by continued observation of the present group of young adults for another 30 or 40 years. The task is difficult, but the implications are important. If proteinuria during adolescence is predictive of proteinuria in later years, it would be possible to identify, early in life, those who later would be candidates for the "degenerative" disorders associated with proteinuria, principally arteriosclerotic and arteriolosclerotic vascular disease. There are some studies of this problem but considerably more data are necessary to establish the long term outcome of subjects with proteinuria in early life.'
Proteinuria is more common in Hiroshima than in Nagasaki but the explanation for this is not apparent. The subjects under study were selected similarly, have similar customs, and live under similar conditions. Furthermore, proteinuria rates seem to be increasing in Hiroshima and falling in Nagasaki. A comparable situation was reported previously for the finding of glycosuria and the diagnosis of diabetes mellitus.' Here, too, the abnormality was more common and seemed to be on the increase in Hiroshima. It was of interest also that subjects with thyroid disease had significantly higher rates, whereas subjects with peptic ulcer had significantly lower rates of proteinuria than controls.
Tests for protein in the urine are simple and widely used in medical laboratories. Yet annual rates of positive and trace results show fluctuations that, in some measure, probably are due to methodological variation. Similarly, the lower rate of positive test results recorded during 1963-1964, compared with the previous examination in 1960-1962, probably is the consequence of laboratory variation. Such differences lend considerable emphasis to the need for careful control of laboratory standards in longitudinal studies such as those under way at ABCC. Of even greater concern, perhaps, are those qualitative clinical judgments that are not so easily subject to verification as are quantitative and semiquantitative procedures.
A study of the epidemiology of urinary tract infections in this population has already been reported.! Higher mean blood pressures were detected in patients with urinary infections than in uninfected patients. In the examination conducted four years previously, the difference between blood pressures of infected and uninfected patients was not significant, indicating that the elevation of pressures occurred in the interval. SUN levels were determined in the infected women but, because of the absence of control values, were not reported previously. These data are included in the present report. Despite a comparable rise in blood pressure, subjects with proteinuria had elevated SUN values, whereas subjects with urinary infections did not.
SUMMARY
A study of the epidemiology of proteinuria was conducted on about 5,000 persons comprising a portion of the clinical sample under study at the Atomic Bomb Casualty Commission. In addition, data from previous examinations of similar samples were analyzed. Proteinuria was more common in Hiroshima than in Nagasaki. The rates for men and women did not differ within cities. Age-specific rates of proteinuria were peculiar, peaking in adolescence and old age. In the subjects under study, proteinuria was frequently inconstant and usually represented excretion of less than 1.0 gm. of protein per day.
Prior exposure to radiation as measured by distance from the bomb hypocenter was correlated with increased proteinuria rates in 18-year-old subjects who were in utero ATB. Subjects exposed after birth did not show this tendency. It is unsettled whether this is an effect of in-utero irradiation and, if so, whether radiation results in renal disease by increasing the subject's susceptibility to the usual causes of glomerulonephritis or by some more direct mechanism.
Persons with proteinuria had higher mean blood pressures and serum urea nitrogen levels than controls and had other findings indicative of generalized cardiovascular-renal disease. Persons with thyroid disease had an increased risk of proteinuria whereas the converse was true of those with a history of treatment for peptic ulcer.
Many other factors were tested for a relation to proteinuria, including family history of renal disease, socio-economic status, urinary symptoms, ingestion of medications, physical findings, hemoglobin levels, height, weight, ABO blood groups, audiometry, vibrometry, and serum cholesterol levels. Although urinary symptoms were more common in persons with proteinuria, the findings in other areas were not sufficiently different to suggest meaningful relationships.
